Application No. 10/596,720 

Response to Office Action of December 29, 2010 

AMENDMENTS TO AND LISTING OF THE CLAIMS 
This listing of the claims will replace all prior versions, and listings, of claims in the 
application. Please amend claims 1 and 14, wherein underlining indicates additions and double 
brackets and strikethroughs indicate deletions. 

1 . (Currently amended) A method of manufacturing a semiconductor device 
comprising: 

providing a semiconductor substrate having first and second main surfaces 
opposite to each other, the semiconductor substrate having a heavily doped region of a 
first conductivity type at the second main surface and having a lighfly doped region of the 
first conductivity type at the first main surface; 

providing in the semiconductor substrate a plurality of trenches and a plurality of 
mesas with each mesa having an adjoining trench and a first extending portion extending 
fi-om the first main surface toward the heavily doped region to a first depth position, at 
least one mesa having a first sidewall surface and a second sidewall surface, each of the 
plurality of trenches having a bottom; 

doping with a dopant of a second conductivity type the first sidewall surface of 
the at least one mesa to form a first doped region of the second conductivity type; 

doping with the dopant of the second conductivity type the second sidewall 
surface of the at least one mesa to form a second doped region of the second conductivity 
type; 

doping with a dopant of the first conductivity type the first sidewall surface of the 
at least one mesa to provide a second doped region of the first conductivity type at the 
first sidewall, and doping with the dopant of the first conductivity type the second 
sidewall surface of the at least one mesa to provide a fourth doped region of the first 
conductivity type at the second sidewall; 
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after the doping of the first and second sidewall surfaces of the at least one mesa 
is completed, lining at least the trenches adjacent to the at least one mesa with an oxide 
material; and 

after the lining with the oxide material is completed, filling at least the trenches 
adjacent to the at least one mesa with one of a semi-insulating material and an insulating 
material. 

2. (Original) The method according to claim 1 , wherein the oxide lining is formed 
by one of low pressure (LP) chemical vapor deposition (CVD) Tetraethylorthosilicate (TEOS) 
and a spun-on-glass (SOG) deposition. 

3. (Original) The method according to claim 1 , further comprising: 

forming a layer of undoped polysilicon, after the oxide lining step, over the trench 
bottoms and the mesas, each including the first and second sidewalls. 

4. (Original) The method according to claim 1 , wherein the step of filling the 
plurality of trenches with one of a semi-insulating material and an insulating material includes 
filling the plurality of trenches with at least one of undoped polysilicon, doped polysilicon, 
doped oxide, undoped oxide, silicon nitride and semi-insulating polycrystalline silicon (SIPOS). 

5. (Original) The method according to claim 1 , wherein the first sidewall surface 
has a first predetermined inclination maintained relative to the first main surface and the second 
sidewall surface has a second predetermined inclination maintained relative to the first main 
surface. 
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6. (Original) The method according to claim 1 , wherein the first and second 
sidewall surfaces are generally perpendicular relative to the first main surface. 

7. (Original) The method according to claim 1, wherein the plurality of trenches are 
formed utilizing one or more of plasma etching, reactive ion etching (RIE), sputter etching, 
vapor phase etching and chemical etching. 

8. (Original) The method according to claim 1 , wherein the implanting of the 
dopant of a second conductivity type into the first sidewall surface is performed at a first 
predetermined angle of implant. 

9. (Original) The method according to claim 1 , wherein the doping with the dopant 
of a second conductivity type into the second sidewall surface is performed at a second 
predetermined angle of implant. 

1 0. (Previously presented) The method according to claim 8, wherein the doping 
with the dopant of the first conductivity type into the first sidewall surface is performed at the 
first predetermined angle of implant. 

1 1 . (Previously presented) The method according to claim 9, wherein the doping 
with the dopant of the first conductivity type into the second sidewall surface is performed at the 
second predetermined angle of implant. 

1 2. (Original) The method according to claim 1 , fiirther comprising: 
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diffusing the dopants of the second conductivity type into the at least one mesa 
prior to doping with the dopants of the first conductivity type. 

13. (Original) A semiconductor formed by the method of claim 1 . 

14. (Currently amended) A method of manufacturing a semiconductor device 
comprising: 

providing a semiconductor substrate having first and second main surfaces 
opposite to each other, the semiconductor substrate having a heavily doped region of a 
first conductivity type at the second main surface and having a lightly doped region of the 
first conductivity type at the first main surface; 

providing in the semiconductor substrate a plurality of trenches and a plurality of 
mesas, with each mesa having an adjoining trench and a first extending portion extending 
fi-om the first main surface toward the heavily doped region to a first depth position, at 
least one mesa having a first sidewall surface and a second sidewall surface, each of the 
plurality of trenches having a bottom; 

doping with a dopant of the first conductivity type the first sidewall surface of the 
at least one mesa to form a first doped region of the first conductivity type; 

doping with a dopant of the first conductivity type the second sidewall surface of 

the at least one mesa to forni a second doped region of the first conductivity type; 

doping with a dopant of the second conductivity type the first sidewall surface of 
the at least one mesa to provide a second doped region of the first conductivity type at the 
first sidewall, doping with the dopant of the second conductivity type the second sidewall 
of the at least one mesa; 
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after the doping of the first and second sidewall surfaces of the at least one mesa 
is completed, lining at least the trenches adjacent to the at least one mesa with an oxide 

material; and 

after the lining with the oxide material is completed, filling at least the trenches 
adjacent to the at least one mesa with one of a semi-insulating material and an insulating 
material. 

1 5. (Original) The method according to claim 14, wherein the oxide lining is formed 
by one of low pressure (LP) chemical vapor deposition (CVD) Tetraethylorthosilicate (TEOS) 
and a spun-on-glass (SOG) deposition. 

16. (Original) The method according to claim 14, further comprising: 

forming a layer of undoped polysilicon, after the oxide lining step, over the trench 
bottoms and the mesas, each including the first and second sidewalls. 

1 7. (Original) The method according to claim 14, wherein the step of filling the 
plurality of trenches with one of a semi-insulafing material and an insulating material includes 
filling the plurality of trenches with at least one of undoped polysilicon, doped polysilicon, 
doped oxide, undoped oxide, silicon nitride and semi-insulating polycrystalline silicon (SIPOS). 

1 8. (Original) The method according to claim 14, wherein the first sidewall surface 
has a first predetermined inclination maintained relative to the first main surface and the second 
sidewall surface has a second predetermined inclination maintained relative to the first main 
surface. 
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19. (Original) The method according to claim 14, wherein the first and second 
sidewall surfaces are generally perpendicular relative to the first main surface. 

20. (Original) The method according to claim 14, wherein the plurality of trenches 
are formed utilizing one or more of plasma etching, reactive ion etching (RIE), sputter etching, 
vapor phase etching and chemical etching. 

21 . (Original) The method according to claim 14, wherein the doping with the dopant 
of a second conductivity type of the first sidewall surface is performed at a first predetermined 
angle of implant. 

22. (Original) The method according to claim 14, wherein the doping with the dopant 
of a second conductivity type of the second sidewall surface is performed at a second 
predetermined angle of implant. 

23 . (Previously presented) The method according to claim 2 1 , wherein the doping 
with the dopant of the first conductivity type of the first sidewall surface is performed at the first 
predetermined angle of implant. 

24. (Previously presented) The method according to claim 22, wherein the doping 
with the dopant of the first conductivity type of the second sidewall surface is performed at the 
second predetermined angle of implant. 

25. (Original) The method according to claim 14, fiirther comprising: 
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diffusing the implanted dopants of the second conductivity type into the at least 
one mesa prior to implanting the dopants of the first conductivity type. 



26. (Original) A semiconductor formed by the method of claim 14. 
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